A fast, simple, and economical method was developed for simultaneous spectrophotometric determination of uranium(VI) and vanadium(V) in water samples based on micro cloud point extraction (MCPE) at room temperature. This is the first report on the simultaneous extraction and determination of U(VI) and V(V). In this method, Triton X114 was employed as a non-ionic surfactant for the cloud point procedure and 4-(2-pyridylazo) resorcinol (PAR) was used as the chelating agent for both analytes. To reach the cloud point at room temperature, the MCPE procedure was carried out in brine. The factors influencing the extraction efficiency were investigated and optimized. Under the optimized condition, the linear calibration curve was found to be in the concentration range between100 -750 and 50 -600 μg L -1 for U(VI) and V(V), respectively, with a limit of detection of 17.03 μg L -1 (U) and 5.51 μg L -1 (V). Total analysis time including microextraction was less than 5 min.
Introduction
Methods for the simultaneous determination of heavy metals have attracted a great deal of interest in recent years, especially techniques for determination when these cations are present in the same media. Usually, uranium ore contains large amounts of vanadium. One of the metallic impurities in uranium concentrates that is commonly known as "yellow-cake" is vanadium. 1 Therefore, uranium mining and the nuclear energy cycle release uranium and vanadium to the environment at the same time. The presence of these elements in the environment means they can be ingested by humans; the simplest way is through contaminated water. In water the dissolved vanadium is normally present as vanadate and uranium is present as uranyl. Much research is being conducted on the simultaneous determination of uranium and vanadium in ores, 2 and environmental 3 and biological 4 media. The methods based on conventional UV-Vis spectrophotometry analysis of vanadate and uranyl are some of the earliest detection methods adopted, mainly because of their low cost and simplicity of use; 5, 6 however, they suffer from poor sensitivity and are very time consuming. Moreover, due to the complexity of matrices of these target analytes, direct determination of them using this methodology is not very satisfactory. If coupled with some advanced preconcentration techniques, the analytical performance of spectrophotometry could be significantly improved. This would greatly expand its application, especially in less developed regions that lack more advanced analytical instruments. Taking into account that U and V ions exist in very low concentrations in almost all samples and the volume of the samples available for analysis is very limited in some cases, applying a pretreatment separation/preconcentration step on real samples seems not only necessary, but also extraction methods need to be miniaturized. Since the introduction of micro extraction by Pawliszyn in the 1990s, 7 there has been a lot of interest on minimizing the extraction methods to micro extractions. The volume of papers and reviews published on micro-extraction techniques indicates the importance of these techniques. Of the most important micro extraction techniques that have been developed for a variety of analytes, dispersive liquid liquid microextraction (DLLME), 8 solid phase micro extraction (SPME), 9, 10 and headspace single drop micro extraction 11 are most frequently used. One advantage of these techniques is that they use very little toxic, high-priced organic solvents. Besides, they are compatible with almost all analytical instruments and do not need a large sample volume. To make these techniques even more green, some research has been done on replacing the toxic organic solvents with more green solvents such as room temperature ionic liquids. 12, 13 Cloud point extraction (CPE) is a relatively green extraction method since it does not use toxic organic solvents. 14 It is simple, inexpensive and safe procedure with high efficiency. 15 CPE is compatible with many instruments, therefore it has been successfully applied as an efficient extraction procedure for the separation, preconcentration or purification of a variety of analytes, including organic, [16] [17] [18] inorganic 19, 20 and even pharmaceutical 21 and nano compounds. 22 However, it suffers from some drawbacks that together with fast improvements in micro-extraction techniques made it less attractive.
In CPE, micellar solution of non-ionic surfactants, which are completely soluble in water, becomes turbid and separates into an enriched misellar phase when heated beyond a temperature called cloud point (CP). The hydrophobic analytes can transfer from the aqueous solution to this miscellar phase. It is obvious that the key point to achieving the cloudy solution ready for extraction is heating the sample solution (usually in water bath). This step is an energy and time consuming step and the time needed to reach the cloud point varies from 20 min to 4 h. 23, 24 Considering the time needed for the centrifugation and applying a cold bath to condensate the enriched surfactant phase, this could be a very long and time consuming method. CPE needs a large sample volume, usually up to 50 mL 25 and in most cases, in coupling CPE with spectrophotometer, the enriched miscellar phase must be diluted with organic solvents (e.g. 2 mL methanol) because of its high density and the low volume of the enriched phase. 26 However, because it is an environmentally friendly, inexpensive and easy to operate technique, we think CPE should not be neglected. In recent years there have been a few studies on improving the CPE procedure. 27, 28 To reach cloud point at room temperature, we can use the salting out effect instead of heating the mixture to the CP. 29, 30 This approach for reaching cloud point is applied here. For reducing the usage of organic solvents we decided to employ microcell for spectrophotometric determination instead of the conventional classic cells, which reduced the usage of the organic solvent as the diluting solvent from 2 to 0.05 mL.
By carrying out the proposed micro-cloud point extraction (MCPE) procedure in brine, we not only succeeded in reducing the consumption of organic solvent, but we successfully minimized the volume of sample solution, eliminated the centrifuge step and reduced the time of the whole analysis to less than 5 min; as such we can claim that our proposed method is fast, green, easy to operate and economical.
It is known that 4-(2-pyridylazo) resorcinol (PAR) is a very good compound for the spectrophotometric determination of heavy metals. Despite not being very selective, PAR is widely used as an analytical reagent for the sensitive spectrophotometric determination of uranyl 31 and vanadate 32 ions. Simultaneous spectrophotometric determination of U(IV) and V(V) in miscellar solution has been reported earlier. 33 The proposed MCPE was successfully applied for simultaneous preconcentration and determination of U(VI) and V(V) ions in aqueous samples.
Experimental

Instrument
A Shimadzu UV/VIS spectrophotometer, UV-160 (Kyoto, Japan) equipped with two 10 μL microcells (Starna, UK) was used for measuring the absorbance and recording the spectra.
Reagents and chemicals
All reagents and solvents (i.e. acetone, methanol, ethanol, HCl and AcOH) were of analytical grade and were purchased from Merck KGaA (Germany) and used as received. Uranyl nitrate hexahydrate and vanadium standard solution (1000 ppm) were obtained from the same company. Solution of PAR (0.01 M), Na2SO4 (5% w/v) and Triton X114 (2% v/v) were prepared by dissolving appropriate amounts of each compound in doubly distilled water. The pH of the sample solution was adjusted using a suitable buffer prepared using AcOH/NaOAc or Na2HPO4/HCl. Doubly distilled water was used throughout all the procedures.
Micro-cloud point extraction procedure
An aliquot of the sample solution containing appropriate amounts of U(VI) and V(V) was transferred into a centrifuge test tube with a conical bottom and a mixture of 350 μL PAR (0.01 M), 500 μL Triton X114 (2% v/v) and 2 mL acetate buffer solution (pH = 5.5) was added to it. To reach cloud point and formation of a cloudy solution, 1 mL of 5% Na2SO4 solution was added to the mixture. Immediately after the addition of salt, the solution became cloudy and the complexes formed in the solution were extracted into miscelles of Triton. After that, the mixture was diluted to 5 mL with double distilled water. The obtained cloudy solution was centrifuged for 4 min at 4500 rpm. During the centrifugation the surfactant settled down at the bottom of the test tube to form a very high density liquid phase of which 10 μL was transferred to a vial and dissolved in 50 μL methanol. Finally, 25 μL of this mixture was transferred to a microcell for spectrophotometric determination.
Results and Discussion
Absorption spectra of complex
In order to find the maximum wavelength of absorption for the complex, the absorption spectra of U(VI)-PAR and V(V)-PAR were determined in the wavelength range of 275 to 825 nm against the reagent blank, as shown in Fig. 1 . The results indicate that the maximum absorption wavelengths were 545 for U(VI)-PAR and 568 nm for V(V)-PAR complexes. Accordingly, these wavelengths were selected as the chosen absorption wavelengths for further determinations. During all of the following experiments, the blank absorbance of all reagents was corrected.
Effect of pH
The level of pH plays an important role in the uranium and vanadium chelate formation because they exist in different species that depend largely on pH. 34, 35 Therefore, the effect of pH on the absorbance of U(VI)-PAR and V(V)-PAR was examined closely for the proposed MCPE method. In addition, PAR acts as a tridentate chelating agent that chelates with metal ions through the o-hydroxyl group. This species is dominant in pH ≥ 5.5.
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Also in basic pH, uranyl will be involved in polymeric reactions. 37 Therefore, it was decided to study pH in the range of 4 to 7. It has been found that the absorbance of 350 μg L -1 U(VI) in the presence of 7 × 10 -4 M PAR has its maximum value over the pH range 5 -6. The absorbance of 350 μg L -1 V(V) under the same condition was found to have its maximum value at pH 5.5 (Fig. 2) . Therefore, pH = 5.5 was chosen for as the optimal pH for the sample solution and further studies were performed at this pH.
The effect of salt concentration
Ionic strength of the sample solution is an important factor in reaching cloud point at room temperature. In order to find the best salt compound, different salts (NaCl, KCl, NaHSO4 and Na2SO4) were examined and among them Na2SO4 showed the best effect on forming the turbid solution at lower concentrations and without delay. Using the same concentrations, it was observed that in comparison to the other salts, the value of absorbance increases from 15% to more than 60% when Na2SO4 is used.
By studying the effect of Na2SO4 concentration on the absorbance, it was found that the absorbance of both analytes reaches a maximum value at 1% (w/v) of Na2SO4 and the cloudy solution was formed immediately, therefore this concentration of sodium sulfate was used in all subsequent measurements.
Optimization of the concentration of Triton
The concentration of Triton X114 as the extractant solvent has a major effect on the extraction efficiency. In order to optimize the best concentration, different concentrations (0.1 -0.5% v/v) of Triton X114 were subjected to the same procedure. Maximum peak responses for both complexes were obtained when 0.2% was added (Fig. 3) .
Effect of PAR concentration
The effect of concentration of the chelating agent (PAR) on the absorbance of U(VI)-PAR and V(V)-PAR was also investigated (Fig. 4) . The maximum absorbance was obtained at 7 × 10 -4 M PAR for both complexes and remained almost constant for uranium and showed a decrease in absorbance for vanadium with increasing concentration up to 9 × 10 -4 M.
Selection of diluting solvent
In the selection of the diluting agent, three important factors were considered: the ability of the chosen solvents to dissolve the sediment phase, its absorbance, and repeatability of the obtained data. For this purpose some conventional solvents including acetone, ethanol and methanol were investigated. Dissolution of the sediment phase in acetone took place with difficulty. Although absorbance of the complex using ethanol as the diluting solvent was high, its repeatability was poor. The results led us to select methanol as the diluting solvent. Moreover, the absorbance signals were relatively higher using this solvent.
The effect of time of extraction and centrifugation
We considered the extraction time as the time between the formation of a cloudy sample solution and the starting of centrifugation as is conventional in dispersive liquid liquid microextraction procedures. 38 The extraction time was studied in the range of 0 -8 min and it was observed that the extraction time has no significant effect on the extraction efficiency. Therefore, the samples were immediately subjected to centrifuge after the addition of salt.
To obtain the desired spectra, it is necessary to separate two phases (aqueous and enriched surfactant phase). Some researchers prefer to wait until the aqueous and micellar phase separate on their own accord. However, this step requires considerable time. For the MCPE proposed here, this step takes about an hour; therefore, we decided to separate the enriched surfactant phase with the help of centrifuge. It was observed that at speeds less than 2000 at rpm, not only was the amount of the settled phase so small but also the absorbance was much lower than we expected. Therefore we decided to perform the experiments at high speed of 4500 rpm centrifugation. Figure 5 shows the response of the analytical instrument as a function of centrifugation time. On the basis of the curve obtained, the best time of centrifugation was found to be 4 min at 4500 rpm, which was selected as the optimum time of centrifugation for all experiments.
Linear range, limit of detection and precision
Analytical figures of merit for the proposed method obtained under optimal conditions are shown in Table 1 in comparison with analytical data obtained in previous studies for simultaneous determination of uranium and vanadium. Limits of detection (LODs) were obtained based on a signal-to-noise ratio of 3. The repeatability of the method, expressed as relative standard deviation (RSD), was calculated for five replicates of the standard at an intermediate concentration of the calibration curve (350 μg L -1 for both analytes). The enrichment factor (EF), which was calculated as the ratio between the analyte concentration after MCPE (CMCPE) and the initial concentration of analyte (C0) within the sample (Eq. (1)), 39 was found to be 11.8 fold for U(VI) and 15.0 fold for V(V).
EF = CMCPE/C0
(1)
Simultaneous determination of U(VI) and V(V) in real samples
In order to evaluate performance of the developed method in real matrices, it was applied for the analysis of a tap water sample. Since the absorption spectra of U(VI)-PAR and V(V)-PAR complexes are overlapping in some wavelengths, law of additivity was employed for the determination of both analytes in the same run. Two wavelengths, 545 and 568 nm (i.e. maximum wavelengths of U(VI)-PAR and V(V)-PAR), were selected and quantitative estimation of the analytes in real samples was carried out by solving Eqs. (2) and (3):
where A1 and A2 are absorbances of the mixture at 545 and 568 nm, A U 1 and A U 2 are absorbances of U(VI)-PAR at 545 and 568 nm and similarly A V 1 and A V 2 are absorbances of V(V)-PAR at 545 and 568 nm; and CU and CV are the concentration of uranium and vanadium respectively. The molar absorptivity values, ε, of both complexes at both wavelengths were calculated to be: Experimental MCPE conditions: PAR, 7 × 10 -4 M; Triton X114, 0.2% (w/v); Na2SO4 1% (w/v) dilution solvent, methanol, 50 μL; centrifugation time, 4 min at 4500 rpm; sample volume, 5 mL. The concentrations of U(VI) and V(V) in the mixture were determined by solving Eqs. (4) and (5) . No uranium and vanadium were detected in the tap water sample.
To investigate the effect of sample matrices on extraction efficiency, the same sample was spiked with the target analytes on three levels. The results, which are shown in Table 2 , indicate that the developed method can successfully be applied for the simultaneous determination of U(IV) and V(V) in water samples.
The trueness of the method was evaluated by analyzing an environmental calibration standard mix obtained from AccuStandard, Inc. (CT, USA; Cat. No. AG-CAL-ASL-5) with certified U(IV) and V(V) concentrations. Results are again summarized in Table 2 . Because of a ≥97.9% recovery, it is evident that the measured value is in good agreement with the certified value.
Conclusions
In this study, a simple, inexpensive, green and effective method based on MCPE for preconcentration and determination of uranium in brine is developed. As a widely and commonly used detection method, spectrophotometry was coupled with the proposed MCPE, which largely minimized toxic organic solvent consumption and increased the sensitivity for the determination of the target analyte. The total analysis time was less than 5 min. The spectrophotometric instrumentation features such advantages as simplicity and low cost. The investigation carried out in this work shows the conventional spectrophotometer is expected to have broad prospects for simultaneous detection of trace amounts of metals and thus may expand its application.
